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Abstract 
It is well known that whales in captivity suffer from dorsal fin bending. How-
ever, the mechanisms behind this change are poorly understood. Humans can 
suffer from similar symptoms either after a period of immobilization or after 
suffering a brain lesion. Therefore, we here speculate whether the bent dorsal 
fins are reflecting contracture development in whales. 
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1. Introduction/Discussion 
Bent dorsal fins are a phenomenon that has primarily been documented in 
whales in captivity, but a recent study has shown that fin bending also occurs in 
free-living cetaceans [1]. Previous reports on cetaceans in captivity showed that 
the dorsal fins of these whales were completely collapsed and thus lost their func-
tion entirely (see example Figure 1(a)). Nevertheless, the reason for this abnor-
mality remains unknown. 
In humans, stiff and bent limbs that are stuck in awkward positions are called 
contractures, and are common complications after lesions to the central nervous 
system (CNS) [2]. This includes cerebral palsy (CP), stroke survivors and trau-
matic brain injury patients. However, contractures can also be caused by immo-
bilization especially when a muscle is immobilized in a shortened position [3]. 
Common pathologies causing immobilization related contractures are Rheuma-
toid arthritis, prolonged bed-rest and bone fractures [4]. In humans, contractures 
can develop in both upper- and lower extremities. The severity of contractures 
can vary and in the worst cases the joints lose their function entirely. Figure 1(b) 
shows an example of a wrist with a very severe contracture. This individual has 
CP and is actually born with two normal functioning hands, but due to contrac-
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ture development his wrist has now lost its function and can no longer move, 
although it is the source of chronic pain. 
The reversibility of contractures depends on the severity, and since contracture 
development worsens over time early interventions towards contracture devel-
opment are crucial [5]. When contractures develop in neurological disorders, an 
altered neural drive to the muscles is a logical suspect, therefore it has been gen-
erally assumed that spasticity is the main cause of contractures [6]. However, 
there is a growing body of evidence indicating that contractures develop also 
when spasticity is absent. A 10-year follow-up study showed that recipients of a 
dorsal rhizotomy still developed contractures [7]. A rhizotomy is the most radi-
cal treatment against spasticity that eliminates spasticity by cutting the dorsal 
roots in the spinal cord. A new growing perception is that contracture develop-
ment is caused by multiple factors, and that collagen accumulation and stiffness 
changes in the extracellular matrix are among the key explanations for contrac-
ture development in neurological disorders [8]. 
Immobilization provoked contractures result in similar adaptations causing 
an accumulation of collagen and increased passive stiffness of the joint [3]. Inte-
restingly, those contractures that are induced by immobilization are reversible 
with regard to the population of sarcomeres [9], and the range of motion [5] when 
treated in time. Contractures that are caused by CNS lesions are not reversible 
and the joints of these patients are affected life-long [10]. We therefore raise the 
hypothesis that whales in captivity exhibiting bent dorsal fins, may be suffering 
from immobilization-related contractures. It is generally assumed that whales 
like the Orcinus orca swim at least 100 miles a day and can dive to depths of 
hundreds of feet. Creating an environment in captivity where these criteria can 
be met is unthinkable and therefore all the present captive quarters should be 
considered as restrictive with regard to the normal physical activity of whales, 
and therefore likely to induce different degrees of immobilization. Thus, housing 
 
 
Figure 1. Photographs of contractures: in (a) the dorsal fin of a killer whale (Orcinius orca), and 
(b) the left wrist of a human subject with a brain lesion (Cerebral Palsy). The black arrows indi-
cate the site of contracture. 
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cetaceans in restrictive quarters may well in itself lead to immobilization-related 
fin contractures through restricted natural swimming behavior. Whales in cap-
tivity are not born with bent dorsal fins, but they develop them over time, in ex-
actly the same way as disease progression occurs for CP patients. It is for this 
reason that we want to emphasize the need for early interventions towards pre-
vention of contracture development for newborn captive whales as being crucial 
in order to prevent dorsal fin bending. Especially because it is still unclear how 
fin bending affects the movement abilities of the whales and whether it causes 
the animals pain as it does in human patients with contractures. 
A second, additional hypothesis that we want to raise is that free-living whales 
with bent dorsal fins may suffer from CNS lesion-related contractures. The brain 
is a very delicate organ in all species and all animals can suffer hypoxia induced 
brain lesions and even neurological disorders such as stroke. For instance, even 
cetaceans can drown if they are hindered in some way from reaching the water’s 
surface to breath. Therefore, it is not inconceivable that free-living whales may 
suffer a minor brain injury through a blow to the head or back, by a ship’s pro-
peller or by similar heavy equipment. Entanglement in fishing nets may likewise 
result in hypoxia induced CNS lesions. 
The possibility of contracture development in whales has until now been over-
looked and the cause for bent fins has rather been attributed to less likely causes 
such as loss of collagen in cetacean fins with increasing age, or as a result of 
long-term exposure of fins to the warm air associated with their restrictive hous-
ing. Thus, there is now an acute need for innovation in this area. It is time to 
re-think the cause of abnormal fin bending in whales. Fin bending in both free 
and captive whales still has many unresolved issues including whether the fin 
bending solely restricts their movement, or additionally causes them pain during 
movement. A better understanding of why and how the dorsal fins are bending 
might help in the implementation of preventative procedures for both whales in 
captivity and free-ranging whales. It is especially important that such interven-
tions be sought for newborn whales in captivity to avoid the development of se-
vere contractures. Finally, even though the application of preventive interven-
tions on free living animals is unrealistic, a better understanding of the mechan-
isms leading to fin bending is a necessary first step that might help us to create 
tools that can help these animals in the near future. 
2. Conclusion 
In summary, we suggest that dorsal fin bending in whales kept in captivity is the 
result of contracture development due to immobilization. In addition, we pro-
pose that bent dorsal fins in free-living whales arise through contracture devel-
opment after acquiring a CNS lesion. 
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